Protein expression constructs Plasmids containing the cDNA sequence for human CPSF73 (GenBank accession BC020211) and mouse CPSF100 (GenBank accession BC013628) were obtained from Open Biosystems. The coding regions were amplified by PCR with Pfu DNA polymerase to generate products with EcoR I sites at both ends. The fragments were ligated into the EcoR I site of pCS3+MT vector and the proper direction of insertion was identified by analytical restriction digests. The stop codons in both constructs were changed by sitedirected mutagenesis to BstE II restriction sites, and annealed DNA oligonucleotides encoding the FLAG tag (DYKDDDDK) followed by stop codon were ligated into the BstE II site. The resulting plasmids, pCS3+MT-CPSF73-F and pCS3+MT-CPSF100-F, encoded proteins that were tagged N-terminally with 6 myc tags and C-terminally with a FLAG tag.
Point mutations in the conserved motifs of CPSF73 and CPSF100 (alone or in the context of the triple fusion) were generated by site-directed mutagenesis. All mutations and cloning products were verified by sequencing.
Protein expression HEK293 cells were grown in Dulbecco's Modified Eagle Media (Invitrogen) with 10% fetal bovine serum (BD Biosciences), 2 mM L-glutamine, 100 U/mL penicillin-G, and 100 μg/mL streptomycin, at 37°C and 5% CO 2 . Cell cultures in 10 cm dishes at ~30% confluency were transfected with 4.5 μg tagged CPSF or triple-fusion plasmid and 0.5 μg pEGFP-N3 (Clontech) with the TransIT-293 transfection reagent (Mirus Bio). The latter plasmid monitored transfection efficiency, which was always 75−90%. After transfection, cells were grown for 72 hours to allow overexpression of the tagged proteins.
Purification of tagged proteins HEK293 cells were washed twice with 10 mL ice-cold 1× PBS, resuspended with 1.4 mL PBS, transferred to a 1.5 mM Eppendorf tube, and collected by centrifugation for 30 sec at 3,000 rpm at room temperature in Eppendorf Microcentrifuge 5415D. After addition of 0.66 mL lysis buffer (10 mM HEPES pH 7.9, 10 mM KCl, 1.5 mM MgCl 2 , 1 mM DTT, 0.1% saturated PMSF in isopropanol, and 1 Complete Mini EDTA-free protease inhibitor cocktail tablet [Roche Applied Science] for every 10 mL of buffer), the cells were incubated for 10 min on ice and lysed by passing the suspension 8 times through a 25G1½ needle attached to a 1 mL syringe. Immediately after lysis, 0.33 mL containing 150 mM HEPES pH 7.9, 300 mM KCl, 4.5 mM MgCl 2 , 0.1 mM ZnCl 2 , 15% glycerol, 1 mM DTT, 0.1% saturated PMSF, 1 mg/mL purified BSA (New England Biolabs), and 1 tablet per 10 mL of EDTA-free protease inhibitor cocktail was added and mixed with the lysate. Insoluble material was removed by centrifugation for 10 min at 4°C and 12,000 rpm. The cleared lysate was added to 50 μL anti-FLAG M2 affinity gel (SIGMA) and incubated at 4°C with end-to-end rotation for 3 hours. The beads were collected by centrifugation at 3,000 rpm for 1 min and washed 4 times with 1 mL wash buffer (50 mM HEPES pH 7.9, 100 mM KCl, 1.5 mM MgCl 2 , 0.1 mM ZnCl 2 , 5% glycerol, 1 mM DTT, 0.1% saturated PMSF, 0.333 mg/mL purified BSA, and 1 tablet per 30 mL of EDTA-free protease inhibitor cocktail). After the last wash, the buffer was removed and 10 μL of 5 mg/mL 3× FLAG peptide (SIGMA) in TBS were added to the beads, mixed by gentle flicking of the tube and incubated for 20 min on ice with frequent mixing. The eluted sample was collected by perforating the bottom of the Eppendorf tube containing the resin with a 30G½ needle (while the tube was open), positioning the tube into a collector Eppendorf tube, and centrifugation at 2,500 rpm for 1 min.
In vitro processing assays HeLa nuclear extract was prepared and heat-inactivated as described previously (Kolev & Steitz, 2005) . Mouse H4-12 histone pre-mRNA substrate was transcribed with T7 RNA polymerase, dephosphorylated with alkaline phosphatase, labeled at the 5′ end with T4 polynucleotide kinase and [γ- 32 P]ATP, and gel-purified on denaturing polyacrylamide gel. The 20 μL processing reactions contained 25% nuclear extract, 10 mM EDTA, 4 μg total yeast RNA, and 1-5 fmol labeled RNA substrate. Reactions for complementation of heat-inactivated extract contained 10 μL of eluted tagged CPSF or triple-fusion protein.
The mixtures were incubated for 2 hours at 32°C and treated with proteinase K; RNA was precipitated with ethanol, separated on 15% denaturing polyacrylamide gel, and analyzed by PhosphorImager.
Tagged protein purification in the presence of detergent For the experiments presented in Supplementary Figure 3 , myc-CPSF73-FLAG and myc-CPSF100-FLAG were expressed as described above and purified with the following modifications of the above protocol. The PBS-washed cells were resuspended in 0.4 mL lysis buffer, and incubated for 10 min on ice. Cells were lysed by passing the suspension 5 times through a 25G1½ needle, followed by addition of 0.4 mL buffer containing 50 mM HEPES pH 7.9, 300 mM NaCl and 6% Triton X-100, and passing 5 more times through a 25G1½ needle. After incubation of the cleared lysate with anti-FLAG M2 affinity gel, the resin was washed 5 times with wash buffer (50 mM HEPES pH 7.9, 100 mM KCl, 5% glycerol, 0.333 mg/mL purified BSA). The same buffer was added to the washed beads to achieve combined total volume of ~100 μL and the proteins were eluted with 3× FLAG peptide as described above.
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yapq-ieetvdvtsdlcaykvqlseklmsnvifkklgd--------sevawvdsevgkte---------------------------------------------------------------------------O.sativa yapq-ieetidvtsdlcaykvqlseklmsnviskklge--------heiawvdaevgktd---------------------------------------------------------------------------C.elegans kape-agalvdasvesfiyqvalsdalladiqfkevseg-------nslawidarvmekeaidnmlavgtsnlmiddknreedvndqeengategegnaep---mei----gengsqeslaisesgkevenghtn D.discoideum yips-igeqldltsdtnvyelllkdslvntlktskild--------yevsyiqgkvdildgsnvpvldliqsipinnnnn-----------------------------------------------------nn D.melanogaster ftpq-kgeiidvtseihiyqvrlteglvsqlqfqkgkd--------aevawvdgrlgmrv----kaieapmdvtveqdasv------------------------------------------------------D.rerio yipk-lqetvdatsethiyqvrlkdslvsslqfckard--------telawidgvldmrv----ekv---------------dtgvivelgeakdeaeeggeqgmevteelntepstaaaanq---ramktlf-g G.gallus ympk-lhetvdatsethiyqvrlkdslvsslqfckakd--------aelawidgvldmrv----skv---------------dtgvileegelredee----lemqvdmps---sdssviaqq---kamkslf-g H.sapiens ympk-lhetvdatsethiyqvrlkdslvsslqfckakd--------aelawidgvldmrv----skv---------------dtgvileegelkddgeds---emqveap----sdssviaqq---kamkslf-g M.domestica ympk-lhetvdatsethiyqvrlkdslvsslqfckakd--------aelawidgvldmrv----skv---------------dtgvileegelkddgeds---emqvdtp----sdasviaqq---kamkslf-g M.musculus ympk-lhetvdatsethiyqvrlkdslvsslqfckakd--------aelawidgvldmrv----skv---------------dtgvileegelkddgeds---emqvdap----sdssamaqq---kamkslf-g X.laevis ytpk-lhetvdatsethiyqvrlkdslvsslkfckakd--------telawidgvldmrv----skv---------------dtgvileerelkdegedm---emqvdtqv---mdastiaqq---kvikslf-g S.cerevisiae
vnmp -lnkivefsttiktldisidsnldnllkwqrisds-------ytvatvvgrlv--------------------------------------------------------------------- Figure 3 . Western blot analysis of the immunoselected myc-CPSF73-FLAG proteins with anti-CPSF73 antibody to verify the lack of co-purification of endogenous CPSF73. The positions of the tagged exogenous proteins and the untagged endogenous CPSF73 are shown. Some degradation is visible in the eluates for the tagged protein. Those bands were also detectable by western blotting with anti-FLAG antibody (data not shown). The endogenous CPSF73 is clearly visible in the extracts from which we purify our tagged proteins (right lanes), but not in the eluted preparations of myc-CPSF73-FLAG (left lanes). D289A  R543A  WT  WT  H73A  D75A  H76A  S334A  H396A  WT  H73A  D75A  H76A  S334A  H396A  D64A  H67A  D289A  R543A   CPSF73 CPSF100   WT  H73A  D75A  H76A  S334A  H396A  D64A  H67A  D289A . Tagged proteins were expressed and purified from HEK cells. Control is a sample from cells transfected only with plasmid expressing EGFP. Purification was performed in the presence of Triton X-100. Aliquots of the eluted samples (2μL) were incubated in 10 μL reactions containing 50 mM HEPES pH 7.9, 100 mM KCl, 5% glycerol, 0.333 mg/mL purified BSA, and increasing amounts of trypsin (0, 8, 40, and 200 ng) for 15 min at room temperature. Reactions were stopped by addition of an equal volume of 2× SDS gel-loading buffer and heating for 5 min at 95°C. The positions of the intact tagged proteins on anti-FLAG western blots are shown. Asterisks indicate a cross-reacting band that corresponds to undigested BSA. Arrows in (A) point to bands representing Cterminal fragments of tagged CPSF100 that are more abundant for the wild-type and D289A mutant than the MBL motif mutants H67A and R543A. Similar results were obtained by limited digestion with proteinase K (data not shown).
